1. Solutions to the global environmental crisis require scientific knowledge and responses spanning different spatial scales and levels of societal organization; yet understanding how to translate environmental knowledge into decision-making and action remains limited. 2. We examined 104 published environmental monitoring schemes to assess whether participation in data collection and analysis influences the speed and scale of decision-making and action. 3. Our results show that scientist-executed monitoring informs decisions within regions, nations and international conventions. However, decisions typically take 3-9 years to be implemented. 4. We also show that scientist-executed monitoring has little impact at the village scale, where many natural resource management decisions are made. 5. At the village scale, monitoring schemes that involve local people, and relate to resource utilization at the village level, are much more effective at influencing decisions; these decisions typically take 0-1 year to be implemented. 6. Synthesis and applications: Involving local stakeholders in monitoring enhances management responses at local spatial scales, and increases the speed of decision-making to tackle environmental challenges at operational levels of resource management.
It is now clear that the world has failed to achieve the United Nations' 2010 target to stem biodiversity loss (Butchart et al. 2010; European Union 2010) . Additionally, anthropogenic global changes continue to undermine the ecosystem services upon which society depends (United Nations 2005; CAFF 2010) . Future attempts to reverse this multifaceted crisis need scientific information (Hobbs 2003) and responses spanning different spatial scales and levels of societal organization (United Nations 2005; Sandbrook et al. 2010 ), yet understanding how to translate environmental knowledge into decisionmaking and action is limited (Mooney & Mace 2009; MilnerGulland et al. 2010) .
Case studies suggest that collaboration between scientists and local stakeholders in producing knowledge on the status of the natural resources can lead to favourable outcomes for the environment (Sheil & Lawrence 2004; Lawrence 2010) , but quantitative analysis is lacking. Here we use meta-analysis techniques to explore if public participation in environmental monitoring influences the speed and spatial scale of decisionmaking and resulting action to address environmental challenges.
We first established a database of 104 publications on environmental monitoring schemes where the role of scientists and local stakeholders in the monitoring was described (see Appendix S1 and Table S1 , Supporting information). We then identified who made decisions based on the results of the monitoring, and assessed the minimum time from the start of the data collection to the findings being used for decisionmaking.
The degree of involvement by local stakeholders in environmental monitoring profoundly influences the spatial scale and speed of decision-making based on the monitoring data ( Fig. 1 ; Table S2 ). Scientist-executed monitoring informs decisions in regions (44%), nations (38%) and international conventions (18%) (n = 45 scientist-executed schemes). However, in many areas, particularly in the developing world, the government's role in influencing land-use is minimal and village decision makers are in practice the day-to-day managers of natural resources and make most of the management decisions (Getz et al. 1999) . Scientist-executed monitoring has little impact at this scale ( Fig. 1) . Instead, the monitoring schemes that inform decision-making and resource utilization at the village level are those that engage people in the participatory collection, analysis and interpretation of the environmental data (Fig. 1) . The greater the involvement by local people in monitoring activities the shorter time it takes from data collection to decision-making following monitoring (P < 0AE001; see Appendix S1, Fig. 1 and Table S2b ). Two types of participatory monitoring are recognized; one where local people collect data but the analysis is done by someone else, and another where local people collect and analyse the data themselves. The most locally based and participatory of these two options leads to management decisions, which are typically taken at least three to nine times more quickly than scientist-executed monitoring, although they operate at much smaller spatial scales (P < 0AE001; see Appendix S1, Fig. 1 and Table S2a) .
A limitation in our approach is that many environmental monitoring schemes are not published in the peer-reviewed literature. By using electronic databases for locating examples of monitoring schemes, we probably have disproportionally included schemes from large, well-funded programmes where academic publication has been a primary, or main, goal. We do not know if the spatial and temporal scale of decisionmaking in the published schemes is representative of the environment monitoring schemes that are being used in practice, but we believe that they represent the range of variation. Further studies aimed at providing more accurate assessments of environmental monitoring schemes could use questionnaires to natural resource managers and investigate those schemes they use. Another limitation is that management decisions might have gone unreported or might only have taken place beyond the period reported in the papers. Also, we don't know if the natural resource management decisions emanating from the monitoring are implemented successfully or not. We could have overcome uncertainties in data interpretation by validating and cross-checking our records with the authors of the papers on the 104 monitoring schemes in our sample. However, this could have introduced methodological differences between studies for which confirmation was available and studies which could not be validated. As the frequency of validation would be likely to vary across the type of monitoring, possible added accuracy would be associated with increased across-scheme bias. Overall, we consider the magnitude of our estimates and their relative proportions acceptable for the purposes of this paper, although figures from individual schemes are subject to uncertainty.
Our findings suggest that the type of monitoring undertaken in an area can have dramatic impacts on the solution chosen for different environmental challenges. By using scientists to undertake monitoring, there is a strong chance that decisions will only be taken at the large scale and will take years to implement. As such, this kind of monitoring is useful to influence national and international policy and to track the implementation of global conventions. At more operational scales of management, at the local level and involving people who face the daily consequences of environmental changes, scientist implemented monitoring generally has little impact. At these scales it is often more beneficial to involve local resource managers directly in the monitoring work; this allows them to assess trends in resources of value to them, and facilitates a rapid response in terms of decisions that directly impact environmental trends at the local scale.
Participation of community members in environmental monitoring may also have other benefits than aiding decisionmaking and management action (Danielsen, Burgess & Balmford 2005) . For instance, even in scientist-led monitoring schemes (Janzen 2004) , involvement of community members as paid staff in field-based inventories can help develop a change in attitude towards environmentally sustainable natural resource management among the local participants (Gardner 2010) .
A consequence of our findings is that unless governments and non-governmental organizations involve local stakeholders, in many areas, environmental monitoring will tend to remain an isolated academic exercise that is primarily undertaken for the benefit of national and international stakeholders. Involving the locally based stakeholders in monitoring will both enhance management responses across spatial scales, and improve the speed of decision-making to tackle current negative environmental trends at operational levels of resource management.
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In this supplement, we first describe how we obtained and examined data on published environmental monitoring schemes. We then present the results of the statistical tests.
Materials
To locate example of published environmental monitoring schemes, we used the programme Abstracts (1990 Abstracts ( -2000 and Biological Abstracts Reports, Reviews and Meetings (1989-2003) .
We used the search terms "monitoring and conservation" and "traditional ecological knowledge" and obtained 7757 and 104 publication records, respectively. For the search term "monitoring and conservation", we viewed all 1077 publications since 2007 and 2350 of the 6680 publications before 2007 as the relevance of these publications to the search term rapidly diminished.
Out of the above sample, we located publications that described 104 schemes on monitoring of species or populations, habitats or ecosystems, or resource use, where the role of scientists and local stakeholders was described. We defined 'monitoring' as data sampling which is repeated at certain intervals of time for management purposes; we distinguished this from surveys by the emphasis on repeated and replicable measurements and the focus on rates and magnitudes of change (modified from World Bank 1992).
A single entry was made in our dataset for each monitoring scheme (Table S1 ). When two or more clearly distinct schemes were found in the same geographical area, they were retained as separate entries in the database. Sometimes monitoring schemes in different geographical areas used the same monitoring methods; they were also included as separate schemes. When we were in doubt on whether different papers described the same schemes, only one of the scheme descriptions was used.
Methods
We divided the environmental monitoring schemes into three categories defined by their degree of local participation: 1) Scientist-executed monitoring schemes; which did not involve local stakeholders;
2) Monitoring where local stakeholders are involved in data collection (and sometimes also in decision-making for management on the basis of the monitoring) but the data analysis is undertaken by professional scientists; and 3) Participatory monitoring; where local stakeholders collect, process and interpret the data and present the findings from the monitoring to decision-makers.
We defined 'local stakeholders' as community members, volunteers, or locally employed staff such as rangers. If a monitoring scheme comprised components with different degrees of local participation, the category judged to be the most important to that particular scheme was selected.
We assessed two parameters, the first on spatial scale of impact and the second on implementation time, for each monitoring scheme: 1) Spatial scale of impact: We assessed who made (or was expected to make) decisions on the basis of the findings from the monitoring. Options were: household, village, district, regional, national, international; these were ranked from 1 to 6 for statistical analysis. We used these six categories as proxies for the area covered by decisions made (or expected to be made) using results from the monitoring. We defined 'household' as an area covered by one family; 'village' as an area covered by a group of houses; 'district' as a division of a region, larger than a village; 'regional' as a division of a country, larger than a district; 'national' as one country; and 'international' as several countries. If decisions are made (or expected to be made) at several scales, the principal scale of decision-making for that particular scheme was selected. When a monitoring scheme is leading to decisions at protected area level, we assigned that scheme to the "regional" scale of impact.
2) Implementation time: What was (or what is likely to be) the minimum time from the start of the monitoring data collection to the findings being ready for decisionmaking. Options: 0-1, 1-3, 3-9, 9-27 years; these were ranked 1 to 4 for statistical analysis.
The same person scrutinized and evaluated all 104 monitoring schemes. A second person used the same criteria and independently evaluated a random selection of 20% of the schemes and she obtained the same results.
The results are presented in Table S2 and Fig. 1 . Based on the data in Table S1 , we used SigmaPlot to prepare Fig. 1 . The circles were added by hand to encompass all participatory monitoring schemes (red circle in Fig. 1 ) and all scientist-executed monitoring schemes (blue circle in Fig. 1 ).
Differences in spatial impact scale and implementation time for the three monitoring categories were evaluated by Kruskal-Wallis test (PROC NPAR1WAY, SAS, SAS statistics). The correlation between spatial impact scale and implementation time was evaluated by Spearman correlation (PROC CORR SPEARMAN, SAS).

Results of the Statistical Tests
Spatial impact scale decreased from a mean of 4.7 and 4.2 to 2.2 for categories 1, 2 and 3 respectively (Kruskal-Wallis test: Chisq: 40.5, P<0.001, n=104). Similarly, implementation time was reduced from typically 3-9 years in category 1 to 0-1 years in category 3, while category 2 had Scheme category: 1, scientist-executed monitoring; 2, monitoring with local data collectors; and 3, participatory monitoring.
Spatial scale of impact: 1, household; 2, village; 3, district; 4, regional; 5, national; and 6, international.
Implementation time: 0-1; 1-3; 3-9; and 9-27 years.
N.a., no data available. 
